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Independent Joint Adaptive Control of Robot Manipulator
Using the Sugeno-type of Fuzzy Logic

Young-Tae Kim"

ABSTRACT

Control of multi-link robot arms is a challenging and difficult problem because of the highly nonlinear dynamics.
Independent joint adaptive scheme is developed for contro! of robot manipulators based on Sugeno-type of fuzzy logic.
Fuzzy logic system is used to approximate the coupling forces among the joints, coriolis force, centrifugal force,
gravitational force, and frictional forces. The proposed scheme does not require an accurate manipulator dynamic, and it
is proved that closed-loop system is asymptotic stable despite the gross robot parameter variations. Numerical
simulations for three-axis PUMA robot are included to show the effectiveness of controller.

Key Words : Fuzzy control (3] %] #|©]), Adaptive control (Z-&4]9]), Independent joint control (5 H T A o),
Robot control (2 H-A]2])

1. M8 Bo| 2olg EAtAlY Whielty. 53 HZ A
°ol2% o #d 2R Wy EHolgd HEH A
2E vy Edolele o7 /e F-oe] 42 A8 WLE] Frtd g3ty #A] fale] A5H
Ho glo] FERA SR B4 w¢ E}sia v o2 F73l7] Wi AT Asrldie w-¢-
Aotk B35 Ao wEbA wAEE oY 1 oA A A
g1 vzje] R npEY ke 2R wE 5 olglgt TAFES MHAsE Aoz At
52 XY A9 2deo EFAAYLS Ao "]~ £ Y9 4 Jdof dEA L8 E U
el of] A t’f’&% 71& ol & FAlgolth Ad Aol S B ATAE 93t #A9
et olgd FAE FH E&HoE A3 o] 1 %ll:}lg.
A% g el g2 AFAE 93t thFo HT 2E A7z 100 Zo] wA] =g, &l
A ged 2 F FuEA =9 He EoF F 3 RE olE, 18l A ol&& shiE {3t
s 8 AlA® A o](large-scale system control)l] AzEH $E =3 By 2} 59 FL 5

£ X
o ox i

£ ot

2002 10€ 22 H
# AAAR, TR A7)Eet
Email : youngtae@dongguk.edu

55



@ AYFEIA A 20H A6

Ze}o)

 2dS
a717b gAY EVtsE AS Bedr] Ao
AF7Ee AAFH ZPE o8 5 U Ao W
Hojrt.

w2 Aol Ajzgle AAHQ] BAH HA
He A9, Sugeno' = Takagi-Sugeno 3 %]
dolgt Bele MELR T/ HR FE Al=H
Ag s} ol HA o9 FAANH} ILI
A 24 =ETE 3t §3E 2 §A4=
Wolth Sugeno ¥4 EEE HAERV HE
2 o]Fojx eruz #HA =g Aojr]g E£4d
S-83 2do|t} Buckley” & Sugeno BEje] Ao
712 FHE HF <ol A= ofug TR A&
oy A & oW Hxo HYFJoz A4
2413 & 4 0SS Bk Wang'® & #x] 714
T NS =9t udE A" giE A
SH 2 Aoizle] AR A g FIAHA £
< FEFIGen HA =g Ax2"Ee FHE
(compact) YFHFIHo|A o Hxeo] HFAd o
3te) RE vjAdg e adEA 2AE & F
deg BRutt Jin'? & $3 €3EET gradient
s 23t 2R uyEdoEE A A%
w2 Aol & 5 e WHE AASA 2™, Zhang
3} Feng'® & &elo|dBE Ao HA JAEgE 2
Az 3 B AHLHA AdWyE AdETH
Lo & Kuo” & ©x 5 719 HA] Ale] 2oz 4
2k Bl Ay A2"S FEHoR AL F Us
8} 3 T(decoupling) H & 7L

B =RdAe ddA d58 AHES d
Ast7] A% 24 ol&, HA =g, 13 HL
Aol MdE& =g AoAUHS AR AL
" Ao} o] & wiyEuolHe] A& TH
2ag g¢skx gom oid FA L A(filtered
tracking error) e, & A7) o ZA 71E9 PID
(Proportional, Integral, and Derivative) Ao} 7] 2] 7
S AELHA Aoje) HEIE HAsE FF AME
4 9t E3 HE gL nFgozA AL LH
228 29 & & gt #AE 3(feedback term)
Lyapunov 34=9] Uz} wiE glo] A3 H9] F
3E ZA 37 fstd nesdd. ddHe=
A 2Heoz dAYE FHAY FHSE F3d H

Q7T B =89 F4L e 2rh 2 FelA

% o Ho o

p

U

56

£ Sugeno FEl2] HA =7 Alad FERE B4
FHom ' 3 doMe EPBH FELHR Ao
S 2705t 4 oM E 2 "ol A AL Ao
g 3 @4 PUMA 2% Zo Hgsle 1 &
48 29 A4¥E B9 dFsidTh
2. HX| =2 A2

Fuzzy Rule base

xelUcR . Fuzzy Inference | »€R
—* Fuzzifier — Engine —

Fig. 1 The basic configuration of a fuzzy logic system
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Fig. 2 Robot control system with independent joint
adaptive fuzzy controller
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